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Abstract: In the information era, the comprehension of space of flows has turned from 
elemental flows into a combination of technologies, activities and physical 
spaces with the perspective of a new mobility paradigm. However, how to 
measure space of flows is still an under-established issue in scholarly 
discussion. This paper aims to explore the evaluation methods of spatial 
mobility considering technological accessibility, intensity of activity and spatial 
activeness. By using residential activity dairies, the present Nanjing traffic 
system and land use, the spatial mobility of Nanjing was evaluated. The 
measurement results suggest the extent to which the space of flows affects the 
space of places, which is critical for understanding urban spatial reconstruction 
in the information era.   
1. INTRODUCTION 
Information and communication technologies (ICTs) are becoming more 
and more important in reshaping urban societies, for example, by changing 
traditional understandings of space. The wide application of mobile terminal 
devices not only changes the mode of production, but also impacts 
consumption activities. The use of ICTs has different effects on residents’ 
activities. Previous studies have identified four relationships between ICTs 
and residents’ activities: substitution, complementarity, modification and 
neutrality (Mokhtarian, 1990; Salomon, 1986). ICTs alleviate the temporal 
and spatial constraints of activities, which decompose the traditional activity 
into several sub-activity fragments, and reallocate them into different times 
and places (Couclelis, 2000, 2004). ICTs also enhance activity mobility to a 
large extent. Due to the in-depth development of information technologies 
accelerating the element flows (e.g., people flow, material flow, information 
flow, capital flow, etc.) generated by urban activities, the mode, intensity and 
connection of residents and their activities’ mobility leads to all kinds of 
“flows” being altered fundamentally, thus the spatial mobility is reinforced 
greatly. Meanwhile, the construction of rapid traffic networks (e.g., high-
speed rail, interurban railway, subway, etc.) and smart cities also improves 
spatial mobility by compressing the interaction distance between different 
places.  
Under the influence of information technologies, fixed locations and space 
become more mobile than ever. The relationship between cyberspace and 
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physical space also undergoes change, which is crucial to understanding the 
spatial transformation and the emergence of new spatial form. This 
transformation could be interpreted from three aspects. Firstly, residents’ 
behavior is no longer constrained by traditional space. For instance, abundant 
activities (e.g., online shopping, telecommuting, online entertainment, etc.) 
occur at home and the function of home has been redefined (Hjorthol & 
Gripsrud, 2009; Ohmori & Harata, 2008; Zhen & Wei, 2008). ICTs improve 
the tempo-spatial flexibility of residents’ activities and lead to changes in the 
relationship between activities and places. Secondly, the interaction between 
cyberspace and the physical space changes the meaning of places continually, 
which makes rigid space turn into flexible space (Kellerman, 2010). Thirdly, 
production and consumption factors are increasingly exchanged worldwide. 
The integration of global production flows and localization brings new 
changes for the organization of urban space as well as spatial mobility (Li, 
2011).  
Basically, the concept of the space of flows is given on the grounds of the 
urban informational transformation. Researchers intensively discussed the 
“death of distance” and the “end of geography” caused by ICTs and virtual 
flows in the 1990s (Cairncross, 2001; O'Brien, 1992), and most of them agreed 
that mobility became the new organizational logic of urban space based on the 
altering of activity time and space by ICTs. From the insights of sociology, 
Castells (1989) put forward the concept of the “space of flows” and pointed 
out that the space of flows was the material organization of time-sharing social 
practices that worked through mobility in an information society. He 
distinguished the “space of flows” and the “space of places”, and then 
explained that there was an obvious difference between the space connected 
with the virtual network and the space created by daily life (Castells, 1996). 
Subsequently, the space of flows was extended to the physical space (the space 
of places) from pure cyberspace. The space of flows can be treated as the result 
of a combination of cyberspace and the space of places, which is a distinct 
approach to understand the mobility and transformation of urban form in the 
information era.  
Measuring the space of flows is a critical approach to understand its 
influence on the space of places in an information society. The space of flows 
not only accelerates the interchange of element flows across time and space 
and amplifies the scope of urban production activity and residents’ daily 
activity, but also reshapes the interactions and relationships between different 
spaces of places. The time-space compression was considered as the most 
important means to realize the flexible space accumulation in post-modern 
society (Harvey, 1989). The measurement of the space of flows could be used 
to reflect the extent of flexible accumulation. Meanwhile, the space of flows, 
playing a critical role for revitalizing rigid land use and improving spatial 
activity, becomes more and more important for urban planning. So measuring 
the space of flows could help to shed light on the extent to which the physical 
space is changed under the usage of ICTs. The existing measurement of space 
of flows mainly focuses on the analysis of relationships of individual flows at 
global and regional scales (Sassen, 2001; Taylor et al., 2007), but measuring 
the space of flows at the city scale is insufficient.  
The aim of this paper is to propose a new approach to measure urban space 
of flows from the perspective of coupling cyberspace with the space of places. 
Three dimensions, accessibility, intensity of residential activity and spatial 
activeness are used to measure the space of flows in Nanjing. The following 
section is a literature review. Section 3 proposes a framework of urban space 
of flows and establishes a methodology to measure it, which will then be 
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empirically examined in Section 4. The final section will be the conclusion 
and discussion. 
2. LITERATURE REVIEW 
2.1 The Mobility Turn: from element flows to the space 
of flows 
ICTs have led to a global time-space compression which has made social 
production modes turn into flexible production and accumulation (Harvey, 
1989), so factor flows and mobility have changed greatly. Kitchin (1997) 
emphasized the changing mobility of economic activities under the impact of 
ICTs, and the mobility of production and consumption activity nodes changed 
correspondingly. Virtual information flows could enhance the mobility of 
substantial elements (Kellerman, 2010). The progress of ICTs not only 
changes the mobility of material elements, but also has a certain impact on the 
resident’s activity mobility. ICTs alleviate the connection of activities with 
time and space and decompose the individual activity into several fragments 
(Alexander et al., 2011; Couclelis, 2004) which changes the tempo-spatial 
mobility of activities. Based on the changing of activity mobility in the 
information era, Graham and Marvin (2001) and Urry (2000) put forward the 
concepts of ‘splintering urbanism’ and ‘instantaneous time’, respectively.  
In addition, ICTs enhance the interaction between element flows and 
localization of place. Based on the interaction of element flows and 
localization of space in the information era, Urry (2008) put forward the idea 
of “mobility turn” and the new mobility paradigm. The new mobility paradigm 
stresses the combination of technologies, activities and local place, as well as 
the integration of cyberspace and physical space. Several concepts have been 
explored to interpret the result of integration, such as “Geocyberspace” (Bakis 
& Roche, 1997), “the combination of virtual and physical space” (Graham, 
2004) and “Hybrid space” (e Silva, 2006). However, most researchers have 
agreed upon the concept of the “space of flows” (Bush & Oosterveer, 2007; 
Castells, 1989; Shen, 2010). The space of flows could be taken as the most 
appropriate expression of spatial transformation under the new mobility 
paradigm in the information era. In the beginning, Castells (2000, 2005) 
distinguished the space of flows and the space of places, then he began to 
emphasize the combination of the space of flows and the space of places). This 
combination has obvious effect on urban function, form and the meaning of 
place, and changes the connotation of the space of flows representing the 
virtual network space.  
2.2 Measurement of the space of flows 
Studies on the global space of flows based on connectivity provides a 
theoretical foundation and empirical method for world city network research. 
With this argument, the Globalization and World Cities Research Network 
(GaWK) focused on global city networks. Beaverstock et al. (2000) put 
forward methodologies to measure the connections between world cities using 
the data of business news, skilled inter-city migration and the geographical 
scope of producer services. Based on the division of global production, 
Alderson and Beckfield (2004) and Taylor (2004a) and Taylor et al. (2007) 
analysed the network connectivity between world cities through measuring 
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the importance of producer services and NGOs. Using the interlocking 
network model, global network relationships were built with the technological 
infrastructure connections of world cities (for example, Telecom network, 
internet, etc.)  to display the system structure of city networks (Derudder & 
Witlox, 2005; Malecki, 2002; Sassen, 2001; Smith & Timberlake, 1995). The 
global space of flows raised global production organization and the 
networking of global cities (Taylor, 2004b), and it results in the agglomeration 
and diffusion of nodes in global city networks (Leng & Yang, 2012). The 
measurement of global space of flows aims to reveal the impact of 
globalization (or informatization) on the local space.  
Meanwhile, a lot of researchers have focused on the measurement of the 
regional space of flows with advanced producer services, people flows and 
communication and high-speed railway networks to reflect the structure of 
urban systems in America, Europe and China (Dong, Xiu, & Wei, 2014; 
Sokol, 2007; Wu, Fang, & Zhao, 2013; Zhen et al., 2013). The mega-city 
regions of Europe were measured with a spatial interaction analysis of 
transportation flows, commuting flows and telecom flows to estimate the core-
peripheral structure and the polycentric metropolis (Hall & Pain, 2006). In 
addition, social networks, regression models and the Barabasi-Albert model 
have been employed to analyse regional space structure (Bailey, Allen, & 
Bras, 2004). In all, the researchers have tried to reveal the global and regional 
city networks and structural systems by measuring the connections and 
interactions of element flows between different cities. 
In the information era, residents’ mobility reflects much about urban space 
of flows (Xi et al., 2013) and element flows produced by residents’ daily 
activities play a critical role in shaping urban space. Based on the time 
geography, researchers have intensively focused on the space-time 
accessibility and mobility of residents’ activities (Kwan, 2013). Hägerstraand 
(1970) put forward the concept of space-time prisms to analyse individual 
behaviour and activities. Since then, some new methods, such as using activity 
diary surveys, GPS, smart phone and others, have been employed to obtain 
residential behaviour trajectories and analyse individual mobility (Kwan, 
2004). The quantitative methods of the structural equation model (SEM) and 
regression model have been used to analyse the relationship between personal 
socio-economic attributes, ICT usage, spatial location, the built environment 
and behaviour (Wang, D. G. & Law, 2007). Meanwhile, several concepts, 
such as flexibility, multi-tasking and fragmentation, have been used to 
measure the tempo-spatial distribution and mobility of resident activities 
(Alexander, Ettema, & Dijst, 2010; Maeng & Nedović-Budić, 2008). 
Additional analysis on activity space and big data could be used to help to 
understand urban space of flows from the activity-mobility perspective (Zhao 
& Chai, 2013; Wilson & Graham, 2013).  
In conclusion, the existing measurement of space of flows was mainly 
conducted through flow analysis and the activity analysis of residents who 
bear all kinds of flows. Different from the space of flows constituted by the 
production and management of computer networks (Castells, 1989), the new 
mobility paradigm emphasizes the system coupling of technologies, activities 
and physical space. However, understanding the space of flows from the new 
mobility paradigm, which reflects the interaction of cyberspace and physical 
space, is crucial for reshaping the space of places in an information society. 
As Figure 1 shows, technologies, institutions, activities and place are the four 
critical factors in analysing urban space of flows. Technologies (for example, 
ICTs, transportation, etc.) bring about space-time compression and change the 
mobility of activities, which integrates the cyberspace and physical space into 
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the space of flows through the interaction of the virtual activities and physical 
activities. This is an important approach to understand the space of flows 
based on the new mobility paradigm in an information society. The current 
measurements of the space of flows are mainly referring to the connectivity 
of production elements and the mobility of residents’ activities. However, the 
space of flows according to the new mobility paradigm needs to be 
reconsidered and a new methodology for measuring it established. This paper 
represents a modest attempt to fill such a gap. Specifically, examining how to 
measure urban space of flows by evaluating spatial mobility. This paper tries 
to shed light on this through an empirical study of Nanjing, China. 
 
Figure 1. The logical analysis framework of space of flows 
3. RESEARCH DESIGN 
3.1 The research framework of urban space of flows 
With the new mobility paradigm of an information society, the space of 
flows could be considered as superimposing residential activities, socio-
economic interaction and the element flows upon physical space. This paper 
puts forward a new framework of spatial mobility to measure urban space of 
flows from three aspects, including technological accessibility, intensity of 
activity and spatial activeness (see Figure 2). The spatial mobility, which 
decides the organizational structure of the element flows, network and places 
within the space of flows, also shapes the boundary and scale of the space of 
flows through the dynamic changing of technological accessibility, activity 
intensity and spatial activeness at different times and spaces.  
Most studies on spatial form and structure generalize the space as point, 
line and plane from the perspective of geometry. Shen (2010) adopted 
geometric features in analysing the structure of regional space of flows and 
considered that cities were the nodes of space of flows, the linear features were 
the transportation, information network, energy and other flows, and the plane 
elements of the space of flows included elite space, new industrial space and 
new urban space. Considering the three aspects of the spatial mobility and 
their role in constructing the space of flows, this paper distinguishes urban 
space of flows as consisting of the nodes of place, the route of flows, the 
boundary of flows, the network of flows and the functional zones. The nodes 
of urban space of flows are the different urban activity centres. The routes 
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represent the direction and intensity of flows, and all the routes and nodes 
form the network of flows. The boundaries reflect the recession threshold of 
spatial mobility. The functional zones of the urban space of flows include the 
residential district, innovation space, recreation space production space, and 
so on. 
 
Figure 2. The hierarchy constitution of urban space of flows 
3.2 Methodology 
3.2.1 Data collection 
A 2-day activity diary which was completed by 980 respondents was 
surveyed from September to October in 2012 in Nanjing, China. The research 
team selected 20 activity centres and randomly selected 40-60 people to whom 
they administered the survey at each centre. The activity diary was designed 
to enable each respondent to record the activities in which they participated 
during the most recent weekday and most recent weekend, including the types 
of physical and virtual activities in which they engaged during each period, 
the precise locations where the activities took place, and the type of activity 
location. We selected 642 effective samples to analyse the activity intensity. 
Meanwhile, details of the Nanjing traffic system and land use was obtained 
from the master plan of Nanjing City (2011-2030)1. 
3.2.2 Index system for evaluating the spatial mobility 
This paper establishes an evaluation index system from three aspects, 
spatial accessibilities, the intensity of activity and spatial activeness.  
(1) Spatial accessibility. The space of flows is the result of the interaction 
between cyberspace and the physical space. Its spatial accessibility includes 
the information access of cyberspace and the transportation accessibility of 
the physical space, so these two aspects are used to reflect the spatial 
accessibility. A measurement method of road importance is adopted to 
calculate the transportation accessibility. Different grade roads, such as 
railway stations, metro stations, highway roads, main roads and minor roads, 
are chosen to conduct a buffer analysis, then the results of transportation 
accessibility are evaluated through overlaying different buffers. According to 
the degree of effect of different roads on the activities of the surrounding area, 
 
1 Source: Nanjing Urban Planning Bureau. The Master Plan of Nanjing City (2011-2030).  
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the boundaries of the buffer are defined and different values are given. 
Individual usage of ICTs, which were measured with the usage of information 
equipment, internet usage and network application, were used to represent the 
level of informatization. Then, the informatization level of different spatial 
units (sub-districts) was obtained based on the average value of individual 
usage of ICTs. The question of whether respondents “usually use smart phone 
or not”, “usually use laptop or not” and “usually use Pad or not” was chosen 
to reflect the usage of information equipment, then whether respondents “can 
get access to internet at home” and “use mobile internet” was chosen to 
represent the level of internet usage; the answer “Yes” is assigned “1” and the 
answer “No” is “0”. “Social network” and 18 other kinds of network 
applications were used for evaluating residents’ network application level; the 
answer “usually use” is valued “1”, “occasionally use” is “0.5” and “no use” 
is “0”. 
(2) The intensity of activity. The intensity of an activity, reflecting the 
spatial distribution of residents’ daily activities, is often closely related with 
the elemental flows and spatial mobility. The intensity of a physical activity 
has a close relationship with transportation accessibility, socioeconomic status 
and land use, and the intensity of a virtual activity reflects the information 
flows and the complexity of the spatial function. Based on the activity location 
obtained from the residents’ activity diaries, the Kernel density method was 
adopted to analyse the density of activity on workdays and at the weekend. 
Thus, five times intensity of an activity on any given weekday, plus twice the 
intensity of an activity on a weekend makes the total intensity of activity. 
(3) Spatial activeness. The spatial activeness, reflecting the condition of 
urban land use intensity and its dependent activities, can be expressed by 
analysing the scale of different types of construction land and the land use 
intensity within a certain spatial scope. Residential land, commercial land and 
industrial land are the main components of urban land use. The scale and 
intensity of these three land types represent the spatial activeness to a large 
extent (Xi et al., 2013). It is difficult to get data of land use intensity, so this 
study simplified the relative intensity of commercial land, residential land and 
industrial land to the values “3”, “2” and ”1”, correspondingly. Then, the land 
use intensity was counted on a GIS platform with the present land use data. 
3.2.3 Determining index weights 
The Analytic Hierarchy Process (AHP) was adopted to determine the index 
weights. On the basis of this index system, a fuzzy judgment matrix was 
constructed to calculate the relative weight of indices, with which the spatial 
mobility can be weighted. The processes are as follows: 
(1) Establishing the hierarchy. According to the index system for 
evaluating the spatial mobility, the hierarchy was established, which took the 
intensity of spatial mobility and its degree of effect on the space of flows as 
the target layer. The spatial accessibility, intensity of activity and spatial 
activeness were set as the indices of the first level, and its corresponding 
indices of the second level were the transportation accessibility, 
informatization level, intensity of activity on workdays and at the weekend, 
and the intensity of land use. 
(2) Constructing fuzzy judgment matrix. A proportional scale from 1 to 9 
was used to evaluate the relative importance of the i and j index: 
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Value 1 3 5 7 9 2，4，6，8 
The fuzzy judgment matrix is created by comparing one index to another: 
A = (aij)n×n                                                           （1） 
In formula (1), aij is the relative importance of the comparison of i index to 
j index.  
Then, a fuzzy judgment matrix was built as follows: 







Spatial accessibility（a1） 1 1/2 2 
Intensity of activity（a2） 2 1 3 
Spatial activeness（a3） 1/2 1/3 1 
(3) Calculating the index weights. First, measuring the 
maximum eigenvalue of the judgment matrix, its corresponding characteristic 
vector W was calculated. The component of W(W1, W2,..., Wn) is the relative 
importance of n index, namely the coefficients of weight. Asymptotic 
Normalization Coefficient was used to calculate the weights. First of all, each 
column of the judgment matrix is normalized, then the judgment matrix is 
summed by rows, and the result of the summation is normalized for the 
characteristic vector.  
W=[W1,W2,…,Wn]
T=[0.297, 0.538, 0.164]               （2） 
According to the single sorting of hierarchy, the judgment matrix meets 
the consistency check. So the index system and weights of spatial mobility are 
as follows: 



















First class buffer of 
railway (subway) station 
9 
Second class buffer of 
railway (subway) station 
5 
Third class buffer of 




First class buffer of 
roads 
9 
Second class buffer of 
roads 
5 










Whether usually use 
smart phone or not 
“Yes” is “1”; 
“No” is “0” 
Whether usually use 
laptop or not 
“Yes” is “1”; 
“No” is “0” 
Whether usually use Pad 
or not 
“Yes” is “1”; 
“No” is “0” 
Whether can get access 
to internet at home 
“Yes” is “1”; 
“No” is “0” 
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The level of 
internet 
usage 
Whether to use mobile 
internet 
“Yes” is “1”; 




Whether usually use the 
network application of 





use” is “0.5” 







































The type of 
land use 
Commercial land 3 
Residential land 2 
Industrial land 1 
4. RESULTS 
4.1 The characteristics of spatial mobility 
Based on the three aspects of the spatial mobility evaluation and its 
weighted results, Figure 3 shows the overall spatial mobility in Nanjing . It 
can be seen that the highest spatial mobility is concentrated in the old city, 
especially in Xinjiekou and its surroundings are the maximum mobility areas. 
The old city is the traditional urban centre of Nanjing with higher construction 
density, and it also has the most developed transportation system and most 
agglomerated activities. Therefore, the transportation accessibility and the 
intensity of activity are quite excellent. All of these conditions bring about the 
highest spatial mobility for the old city of Nanjing, which means that the old 
city is still the agglomerated centre of element flows and plays an important 
role in the whole urban functional organization.  
The spatial mobility in the inner cities of Nanjing, such as in Hexi new 
town, the Nanjing railway station area, Zhonghuamen area, Xiaolingwei area 
and other areas, is relatively high, and there can be found cluster nodes of 
mobility in these areas. Hexi is a newly built town, and residents’ activity here 
is less than that in the old city, however, Hexi new town attracts a lot of young 
people with a higher informatization level. The transportation accessibility 
remains in a better condition in the Nanjing railway station area, and also in 
Zhonghuamen and other inner city areas, which supports the residents’ 
activities and efficient element flows. Thus, the spatial mobility in the inner 
city is relatively high, as are the number of places in the inner city performing 
as the connectors between the old city, with intensified mobility, and the outer 
city, with lower mobility.  
Meanwhile, the spatial mobility in parts of the outer city is also relatively 
high, these areas include Nanjing high speed rail station and its surroundings, 
Jiangning new town, Xianlin centre, Nanjing economic and technological 
development zone, and so on. With the spatial expansion of the Nanjing 
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metropolitan area, these areas become new urban growth centres and 
undertake specific urban functions, such as the regional transportation 
function, urban technology innovation and education function, and so on. The 
development of these functions brings the aggregation of production and 
living activities, as well as the aggregation and expansion of element flows in 
the outer city of Nanjing, so several spatial mobility nodes are gradually 
forming. However, the rest of built-up areas and suburbs have the lowest 
mobility.  
 
Figure 3. The distribution of spatial mobility in Nanjing 
4.2 The topological structure of urban space of flows 
The evaluation of the spatial mobility is an important approach to measure 
urban space of flows, which can be used to analyse the structure of urban space 
of flows through the intensity of the spatial mobility and connection direction 
of places. Based on the evaluated results of the spatial mobility, the 
topological structure of urban space of flows in Nanjing can be interpreted 
from five components (see Figure 4). 
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Figure 4. The topological structure of space of flows in Nanjing 
4.2.1 The nodes of place 
The primary activity centres constitute the nodes of place in the urban 
space of flows. The nodes of place with different scales, type and function 
have different effects on the elemental agglomeration and diffusion, which 
influences the interaction intensity between nodes of place. The old city of 
Nanjing is the most intensified mobility area with its developed transportation 
system and places of highly concentrated activity. Xinjiekou area is the core 
of the old city, which is treated as the Central Activity Zone (CAZ) of Nanjing 
(Wang, B. et al., 2015). It is also the central node in the Nanjing urban space 
of flows and plays a crucial role in the agglomeration and diffusion of the 
element flows generated by the enterprise and resident activity at the regional 
and metropolitan scales. Meanwhile, the higher mobility areas, such as 
Nanjing railway station, Nanjing high speed railway station, Xianlin centre, 
Hexi new town centre, Jiangning new town centre and Nanjing air harbour, 
are important nodes in the network of urban space of flows, and are also the 
places with the highest aggregated activity and active spaces. 
The railway station and airport are the window nodes for Nanjing to 
connect to the global and regional space of flows, conversely, the localized 
accumulation of global and regional element flows enhances the function 
gathered in these transportation nodes and the appearance of new industrial 
zones (for example, high-speed rail business district, airport industrial district, 
and so on). The nodes of new town centres, formed in the process of 
suburbanization, are comprehensive places with business, catering, leisure, 
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entertainment and other functions, which play a vital role in optimizing the 
spatial structure of new urban districts.  
4.2.2 The route of flows 
The direction of routes reflects the interactions between different places 
and the strength of routes reflects the interaction intensity between places and 
functional zones. The connection route of nodes and places in Nanjing’s space 
of flows could be treated as a network structure with a ‘ring and radial’ pattern, 
which connects different types of functional zones and different scale nodes 
together.  
The ring route of flows connects the functional zone and nodes of space of 
different urban layers together, and constitutes the channel of element flows 
for the inner city and the outer city in Nanjing. The inner ring route, supported 
by the express way around the outside of Nanjing inner city, connects 
Yuhuatai, Qinhuai, Xuanwu and other districts together, and is also the fast 
connection channel between the inner city and outer city. The element flows 
along that channel are intensified. The outer ring route, which is formed by 
the ring highway across the outer city, connects Xianlin, Jiangning, Pukou, 
Liuhe and other outer cities. Because the spatial mobility of Nanjing outer city 
is less intensified than that of the inner city and old city, so are the ring routes. 
The radial routes are the important channels between the Xinjiekou CAZ 
and other urban areas. Several radial routes assemble in the old  city to support 
the functioning agglomeration and diffusion of the CAZ. The radial routes of 
flows directed from the CAZ to newly built urban districts in the outer city are 
beneficial for transferring the elements of the old city to the suburbs, playing 
a positive role in the construction of functions and nodes in the suburban areas.  
4.2.3 The boundary of flows 
The boundary of flows is the result of the coupling of residents’ daily 
activity, urban infrastructure construction and land use, and is closely related 
to urban spatial expansion and the urban growth boundary (UGB). The 
boundary of flows could be characterized by the recession of a region of 
spatial mobility. The boundary of Nanjing’s space of flows is mainly 
distributed to the south of the Yangtze River, most of that being concentrated 
within the range inside the ring highway. The boundary range outside the ring 
highway extends to the southern part of the outer city until it reaches the 
airport zone. The boundary of flows takes the shape of a belt distribution along 
the north bank of the Yangtze River and covers Jiangpu Street, Dachang, 
Liuhe town and other functional zones. The boundary of flows could be 
considered as a flexible scope for UGB governance.  
4.2.4 The functional zones 
The functional zones can be divided into a comprehensive business district, 
residential district, recreation and leisure district, new industrial district, and 
so on. The old city of Nanjing is the main comprehensive business district and 
serves the metropolitan and wider regional area. Under the background of 
transformation development, the land use of the comprehensive business 
district in the old city has become even more mixed with the application of 
mobile information technologies and E-commerce, as well as the development 
of headquarters of economy and technological innovation. Meanwhile, its 
corresponding places have turned into more complex and flexible areas. The 
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recreation and leisure zones (for example, Xuanwu lake scenic area, Zijin 
mountain scenic area, and so on) play an important role in improving urban 
quality. The new industrial districts are mainly distributed in the outer city of 
Nanjing, such as the economic and technological development area, software 
industrial park, et cetera. These new industrial districts are important spaces 
of places for Nanjing to participate in the international division of labour and 
to engage in element flows of global production. In all, the functional zones 
are the basic spatial form of the space of flows, and their combinations reflect 
the spatial relationship and interaction of socioeconomic activities, which also 
have an effect on the mobility of residential and enterprise activities.  
4.2.5 The network of flows 
The nodes and routes are the basic components of the network of flows, 
which can be treated as a combination of the public activity places, mobility 
support systems (for example, transportation system, information 
technologies, et cetera) and element flows. The network of flows in the 
information era is created by the agglomeration and interaction of residents’ 
daily activities. Castells (1996) believed that the network in the space of flows 
was the spatial organization of the management elite, and the network of the 
management elite brought the imbalance of social organization. However, 
with the wide usage of information technologies, this space of flows is no 
longer a network by the organization of the management elite, but a 
connection network of urban residents’ daily activities. The topological 
structure of the Nanjing space of flows takes on the characteristics of a flat 
network. On the one hand, the space of flows shows the scale-free network of 
cyberspace, on the other hand, it is embedded in the space of places and 
effected by the hierarchical system of places. 
5. CONCLUSION AND DISCUSSION 
Based on the new mobility paradigm of the information era, this 
paper put forward a new methodology to measure urban space of flows 
through evaluating spatial mobility. Urban space of flows have been 
considered as the coupling of technologies, activities, socio-economic 
factors and the physical environment. Following this,  spatial mobility 
was taken as an important measurement for an evaluation of the urban 
space of flows. The evaluation model was structured from technological 
accessibilities, the intensity of activity and the spatial activeness. With 
the data of residential activity dairies and the data of Nanjing’s traffic 
system and land use, a case study of Nanjing was undertaken to 
understand the topological structure of urban space of flows from the 
nodes of place, the route of flows, the boundary of flows, the functional 
zones and the network of flows. 
The existing analyses of the space of flows mainly adopted the 
element flows to describe its structure from the perspective of the nodes 
and networks. Such research attempted to account for the global city 
network and regional space structure through analysing the macro-scale 
element flows (Sassen, 2001; Taylor et al., 2007). Substantially, it 
focused on the ideas of the production division of labour system and 
connecting networks in the context of globalization and 
informatization, and how the geographic embeddedness of mobility 
elements influenced the development of localization space (Reades & 
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Smith, 2014). However, the systematic analysis of the coupling of 
element flows and localization space is insufficient. The residential 
activity space becomes more and more important in shaping the urban 
spatial structure in information societies, so this paper evaluated  spatial 
mobility considering the  technological support interactions, residential 
activities and the space of places, and built a new methodology for 
measuring urban space of flows under the new mobility paradigm.  
Based on the evaluation results of spatial mobility, the topological 
structure of Nanjing’s space of flows was identified as the nodes of 
pubic activity, the routes and network of flows, and the functional 
zones. In addition, Xinjiekou is treated as the CAZ, and there are some 
other nodes of transportation and business in the inner and outer city. 
The boundary of flows is mainly confined to the main urban districts 
and most of the urban functional zones are distributed in these areas. 
The routes of the ‘ring and radial’ pattern connect the nodes of flows 
and the functional zones to form the network of Nanjing’s space of 
flows. The empirical analysis could help to understand urban spatial 
structures from the system coupling of technologies, activities and 
environment in the information era, so as to improve the sustainability 
and coordination of urban space.  
Studies on the spatial mobility and urban space of flows could help 
to guide the construction of physical space. Aimed at improving the 
spatial mobility of newly built urban districts, some policies should be 
implemented to reinforce the agglomeration of different element flows 
so as to advance the development quality of these zones. The mobility 
connections between the urban central district and urban fringe areas 
are through the application of intelligent transportation and other 
information technologies. On the one hand, in order to alleviate traffic 
congestion, environmental degradation and other urban diseases in 
central districts due to the highly concentrated and intensified land use, 
some element flows in urban central districts should be dispersed to 
urban fringe areas. On the other hand, the new nodes of a space of flows 
could be cultivated in the outer city and suburbs to optimize the layout 
of urban nodes of place and to realize the balanced development of an 
urban space.  
The recording of activity diaries was completed by means of 
memory recollection, so the data is not as precise as expected. A more 
accurate data collecting approach (for example, using GPS, smart 
phone, et cetera) could be used to obtain the trajectory of residential 
activity (Lee & Kwan, 2011). Although residential daily activities and 
people mobility have become the most important factors for the 
reconstruction of urban space, the production element flows still play a 
critical role in shaping the urban space of flows. It is necessary to 
explore more complex methods to analyse urban space of flows with 
the production element flows, residential daily activity and mobility, as 
well as other factors in future research.  
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